Polyphenols of edible acorns of Castanopsis cuspidata were examined and two triterpene galloyl esters were isolated. Based on two-dimensional NMR spectroscopic evidence the structures were determined to be 3,24-di-O-galloyl-2,3-23,24-tetrahydroxyolean-12-en-28-oic acid (1) and 3,24-di-O-galloyl-2,3-23,24-tetrahydroxyurs-12-en-28-oic acid (2). The triterpene hexahydroxydiphenoyl esters, which had been found in the leaves, were not detected in the acorns.
Acorns have been an important food source since prehistoric times due to the high content of starch in the cotyledons; however, most acorns contain plant defense substances with an unpleasant taste, such as tannins [1] . Acorns of Quercus sp. and Lithocarpus sp. were eaten after leaching out tannins mainly composed of ellagitannins ( Figure S1 ). Exceptionally, acorns of Castanopsis cuspidata (Thunb.) Schottky, which are widely distributed in Japanese forests, are edible without a leaching process. Previous study of the chemical constituents of the leaves and barks of C. cuspidata had found ellagitannins [2] and catechin-ellagitannin conjugates [3] , respectively. Characteristic triterpene hexahydroxydiphenoyl esters had also been isolated from the leaves of C. cuspidata [4] . From food chemical and chemotaxonomical viewpoints, we were interested in the polyphenols of the acorns of C. cuspidata and detected the presence of non-polar polyphenols; this paper deals with the isolation and structure determination of the compounds.
The acorns of four Fagaceous plants, C. cuspidata, C. sieboldii, L. edulis, and Q. glauca, were extracted with 60 % EtOH and analyzed by reversed phase HPLC ( Figure S1 ). The HPLC showed that the concentration of hydrolyzable tannins, e.g. vescalagin and castalagin [5] , in the acorns of Castanopsis sp. were much lower than those of L. edulis and Q. glauca. In addition, the chromatogram also indicated the presence of minor non-polar polyphenols in Castanopsis sp. In this study, the characteristic polyphenols 1 and 2 (Figure 1 ) were purified by a combination of column chromatography and preparative HPLC, and the structures were determined by spectroscopic methods.
Compound 1 was obtained as a white amorphous solid ([] D +42.6). It exhibited a quasi-molecular ion peak at m/z 809, and the molecular formula was determined to be C 44 H 56 O 14 by HR-FAB-MS. This compound showed a dark-blue coloration with FeCl 3 reagent on a TLC plate and the 1 H NMR spectrum exhibited two singlet signals at  H 7.08 and 7.00 (each 2H) ( Table 1 ), suggesting the presence of two galloyl groups. Taking the molecular formula into account, compound 1 was presumed to be a triterpenoid digallate. The 1 H and 13 C NMR spectra showed signals attributable to five singlet methyl groups, a tri-substituted double bond ( H 5.26,  C 145.4 and 123.2), a carboxy group ( C 175.1), two oxymethine, and two oxymethylene groups, as well as the signals of two galloyl groups. These spectroscopic features indicated that this compound is an oleanolic acid derivative ( Table 1 ). The COSY and HMBC correlations supported this core structure ( Figure 2 ). The positions of oxygen functionalities were established to be at C-2, C-3, C-23, and C-24 by the COSY correlations between H-1/H-2/H-3 and HMBC correlations from H-3 to C-4/C-23/C-24. One of the galloyl groups was attached to C-3 because HMBC correlation between H-3 and C-7' was observed. The position of another galloyl group and the stereochemistry of 1 were determined from the NOESY spectrum, as shown in galloyloxy group at C-3 were and -oriented, respectively. Based on these spectroscopic data, the whole structure was concluded as depicted in Figure 1 .
Compound 2 was quite difficult to separate from 1, and purification was only achieved by reversed phase HPLC using a COSMOSIL NAP column. The molecular formula, C 44 H 56 O 14 , of compound 2 was shown to be the same as that of 1 by HR-FAB-MS. The 1 H and 13 C NMR spectra were closely related to those of 1, except for the appearance of a doublet methyl signal at  H 0.89 (Table 1) . Therefore, compound 2 was considered to be a digalloyl ester of an ursolic acid derivative. The COSY and HMBC correlations shown in Figure 3 indicated the presence of oxygen functionalities at C-2, C-3, C-23, and C-24, and location of galloyl groups at C-3 and C-24 was confirmed by the HMBC correlations from H-3 ( H 5.16) and H 2 -24 ( H 4.59 and 4.40) to C-7' and C-7", respectively. Furthermore, NOE correlations illustrated in Figure 3 established the configuration of the A-ring, which was the same as that of compound 1 (Figure 3 ). Thus compound 2 was determined to be 3,24-di-O-galloyl-2,3-23,24-tetrahydroxyurs-12-en-28-oic acid. A series of triterpene hexahydroxydiphenoyl esters had been previously reported as the major constituents of the leaves of C. cuspidata [4] and related plants [6] . However, they were not detected in the acorns in this experiment. Triterpene galloyl esters are rare in nature. Some oleanane-type triterpenoids with a monogalloyl group are known as bark constituents of Terminalia [7] and Combretum [8] plants (Combretaceae), in which the galloyl group is attached to oxygen at C-23. Further chemical and biosynthetic studies on galloyl and hexahydroxydiphenoyl esters of triterpenes in C. cuspidata are now in progress.
Experimental
General: Optical rotations were measured with a Jasco P1020 polarimeter (Jasco, Tokyo, Japan). Ultraviolet (UV) spectra were obtained on a Jasco V-560 UV/VIS spectrophotometer (Jasco). 1 H and 13 C NMR spectra were recorded in CD 3 OD on a Varian Unity Plus 500 spectrometer (Varian, Palo Alto, CA) operating at 500 and 125 MHz for the 1 H and 13 C nuclei, respectively. NMR spectra were also recorded on a JEOL JNM-AL 400 spectrometer (JEOL Ltd, Tokyo, Japan) operating at 400 and 100 MHz for the 1 H and 13 C nuclei, respectively. FABMS were recorded on a JMS700N spectrometer (JEOL Ltd) using either m-nitrobenzyl alcohol or glycerol as the matrix. Column chromatography was performed using Diaion HP20SS (Mitsubishi Chemical Co., Tokyo, Japan), Sephadex LH-20 (25-100 m, GE Healthcare UK Ltd., Little Chalfont, UK), and Silica gel 60N (100-210 μm, Kanto Chemical Co., Tokyo, Japan). TLC was performed on precoated Kieselgel 60 F254 plates (0.2 mm thick, Merck, Darmstadt, Germany) with toluene-ethyl formate-formic acid (1:7:1, v/v) and CHCl 3 -MeOH-H 2 O (70:30:5, v/v) mixtures as the eluents. The compounds were detected using UV illumination and by spraying with a 2% ethanolic FeCl 3 or 5% H 2 SO 4 solution followed by heating. Analytical HPLC was performed on a Cosmosil 5C18-ARII (Nacalai Tesque Inc., Kyoto, Japan) column (4.6 mm, i.d. × 250) with a gradient elution of 4-30% (39 min) and 30-75% (15 min) CH 3 
